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Chlorinated aliphatic hydrocarbons (CAH) such as dichloromethane, tetrachloroethene, 

trichloroethane, tricholoroethene, etc. have been widely used as degreasers and solvents in 

various industries for more than 50 years. CAHs in general are harmful to human and ecological 

health. They can cause, or are suspected of causing, cancer in humans, animals and aquatic 

organisms. Past disposal methods and handling practices have contributed to wide spread CAH 

contamination in soil and groundwater. At approximately 400,000 sites in the United States,  

soil and groundwater are contaminated with chlorinated solvents (Sutfin 1996).

Under reducing and anaerobic geochemical conditions, chemical and biological degradation 

processes can contribute significantly to the removal of chlorinated solvents from the subsurface 

(Brown et.al, 2009). This process is called In Situ Chemical Reduction (ISCR) and/or Enhanced 

Reductive Dechlorination (ERD). Several oil-based liquid amendments are available that promote 

biological degradation of CAHs. A new and effective liquid ISCR amendment, EHC® Liquid, has 

been developed that is easy to inject and it reduces treatment time and costs by promoting both 

biological and abiotic pathways to degrade CAHs. 

The solid ISCR amendment is a powder consisting of micro-scale zero valent iron (ZVI) and plant 

based complex organic carbon with nutrients. The particle size ranges from 25 to 75 microns. ZVI 

promotes abiotic degradation (Gillham and O’Hannesin, 1994) while the organic carbon serves as 

a long-lasting, slow-release electron donor for biological degradation of CAHs. It is injected in the 

subsurface as aqueous slurry using direct push technology, and has been shown to last for up to 

six years in field applications.

The liquid ISCR amendment is a buffered, microemulsion of a controlled-release, food-grade 

carbon, nutrients and soluble iron designed to degrade CAHs, energetics, pesticides, herbicides 

and other recalcitrant contaminants in soil and groundwater. It stimulates biotic reductive 

dechlorination through the generation of strong reducing conditions. It is specially designed to 

be mixed on site with cold water and subsequently to be injected via existing wells, hydraulic 

injection networks or direct push technology. The food-grade, controlled-release organic carbon 

in the liquid ISCR amendment is lecithin. Lecithin is a high molecular weight, complex molecule 

composed of simple sugars, polysaccharides and predominantly phospholipids. It also has built in 

nitrogen and phosphorus, which are essential elements for microbial growth. This unique property 

of lecithin allows rapid creation of ISCR conditions in the subsurface and allows for delivery of 
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organic carbon over a one to three year period. Lecithin has both a hydrophilic and hydrophobic 

groups that make it a stable emulsion, and so it injects and distributes easily in the subsurface.  

With respect to the iron moiety, it is documented that iron is not only able to reductively 

dechlorinate by direct action, but that it can also serve as a basis for a “ferrous-ferric redox 

cycle.” In this important process, secondary iron mineral formation (formation of sulfides, oxides, 

oxyhydroxides, etc.) can serve as a very long-term ongoing mechanism for abiotic dechlorination 

(He et al., 2009). In addition, the liquid ISCR reagent contains the amino acid cysteine, which 

functions as a redox buffer and facilitates the longevity of the reductive process. Additionally, 

surface dechlorination by magnetite and green rust precipitates from iron corrosion. 

The new liquid ISCR amendment is designed for injection through injection wells and can be 

applied in a wide range of geological settings such as unsaturated soils, saturated soils, weathered 

bedrock, fractured bedrock, etc. It can be injected in shallow and deep (greater than 100 feet) 

aquifers. It can be combined with groundwater recirculation strategy to treat areas that are not 

directly accessible for injection. The solid ISCR amendment can only be applied using direct push 

technology in aquifers less than 100 feet deep. 

 

Site owners with contaminants such as CAHs, pesticides, herbicides, energetics etc. will benefit 

from being able to clean up the contaminants in soil and groundwater in an effective way. The cost 

savings will be site-specific. The liquid ISCR amendment is designed to provide an efficient and 

long lasting source of electron donor coupled with iron to treat CAHs via multiple pathways. This 

will reduce treatment time and multiple applications resulting in reduced remediation costs.

The efficacy of liquid ISCR amendment as part of a comprehensive remediation strategy was 

demonstrated in a recent field study. 

PROBLEM
Saturated soil and groundwater at an active industrial facility located in Illinois is impacted by 

CAHs, with the primary constituent of interest being 1,1,1 trichloroethane (1,1,1-TCA). 1,1,1-TCA 

was historically measured at concentrations of up to 5,600 mg/kg in saturated soil. This is above 

the soil saturation limit (Csat) for 1,1,1-TCA calculated at 1,200 mg/kg, suggesting the presence 

of dense non-aqueous phase layer (DNAPL). The primary remedial objective was to reduce 

saturated soil concentrations within the source area to below Csat. This would allow the site 

owners to establish Tier 2 remediation goals (based on risk assessment) for long-term reduction in 

groundwater concentrations. Lower concentrations of daughter products 1,1-dichloroethane (1,1 

DCA), chloroethane (CA) and vinyl chloride (VC) were also present, indicating that geochemical 

conditions were favorable for natural degradation of the parent compound 1,1,1-TCA.
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SOLUTION
The remediation strategy implemented utilized a combined approach, with application of 

the solid ISCR amendment into the hottest areas for source mass removal, followed by the 

application of liquid ISCR amendment for plume treatment. The areas targeted during each 

injection event are outlined below and shown on Figure 1. All injections were performed using 

direct push technology.

PILOT STUDY: A pilot-scale injection of solid ISCR amendment (1,350 lb in 10 injection points) was 

initially conducted in December 2008. The test area measured approximately 50 ft long by 10 ft 

wide by 5 ft deep, from 14 to 19 ft below ground surface (bgs). The effective application rate of 

the solid ISCR amendment was 0.6% by weight to soil mass in the treatment area.

LARGE-SCALE SOLID APPLICATION: Based on the favorable results achieved at the pilot scale, 

the solid ISCR amendment was selected for a larger-scale application at the site. In June 2010, a 

total of 17,200 lbs of the solid ISCR amendment was injected into two areas at the site:

FIGURE 1: Site plan showing injection areas, monitoring wells and groundwater flow direction.
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 i.  TCA Source Area (area with concentrations exceeding soil saturation limit for 1,1,1-

TCA): Injection points were spaced on a 10-ft grid throughout an area measuring 

ca. 50 ft long by 65 ft wide by 5 ft deep. The average application rate of the solid 

ISCR amendment was 1% by weight soil mass. A total of 15,950 lbs of the solid ISCR 

amendment was injected. 

 ii.  VC Hot-Spot Area: The solid ISCR amendment was injected in a permeable reactive 

barrier (PRB) configuration (line of injection points). A total of 1,250 lbs of amendment 

was injected into 10 injection points spaced 10 ft apart, covering an area measuring 

roughly 100 ft long by 10 ft wide by 5 ft deep. The effective application rate of the solid 

ISCR amendment was ca 0.25% to soil mass.

LARGE-SCALE LIQUID APPLICATION: To expedite treatment, supplemental injections were 

conducted in October 2011, targeting a larger treatment depth from 5 to 19 ft bgs and using a 

relatively fast-releasing liquid ISCR amendment. The liquid ISCR amendment was injected at a 

concentration of approximately 2.5% emulsion (after 10-fold dilution of the 25% emulsion shipped 

to the site). 

 i.  TCA Source Area: A total of 5,880 lbs of the liquid ISCR amendment was injected in 48 

injection points spaced 10 ft apart, targeting an area measuring ca. 60 ft wide by 80 ft 

long by 14 ft deep.

 ii.  VC Hot-Spot Area: A total of 2,520 lbs of the liquid ISCR amendment was injected in 18 

injection points spaced 10 ft apart, targeting an area measuring ca. 90 ft wide by 20 ft 

long by 14 ft deep.

RESULTS
Following pilot and full-scale application of the solid ISCR amendment into the source area, 1,1,1-

TCA concentrations decreased from an average of 3,450 mg/kg measured at the baseline to an 

average of 93 mg/kg measured in February 2011. This constituted a 97% reduction and reduced 

soil concentrations well below the target Csat concentration of 1,200 mg/kg. In response to the 

combined solid and liquid ISCR amendment applications, groundwater concentrations decreased 

>99% from a maximum of 709 mg/L measured in December 2008 to 0.782 mg/L measured in 

March 2013 at the source area well MW-15, with limited generation of catabolites (Figure 2). A 

decreasing trend in total CVOC concentrations has also been observed in down gradient area 

(MW-10) from the hot-spot treatment area (Figure 3). The Tier 2 remedial objectives have been 

met for all constituents except VC, which has remained relatively steady at between 0.1 and 0.5 

mg/L, but is expected to decline over time. 



Environmental Solutions

Pollution Engineering EHC® Liquid case study 526-01-ESD-14

REFERENCES:
1.  Robert Gillham and Stephanie O’Hannesin. “Enhanced Degradation of Halogenated Aliphatics by Zero-

Valent Iron. Ground Water, Vol 32, No. 6, pp 958-967, Nov-Dec 1994.
2. Julie Sutfin. “How Methane Injection attacks Chlorinated Solvents”. International Groundwater, Vol 2, No.4, 1996. 
3.  Yongtian He, Chunming Su, John Wilson, Rick Wilkin, Cherri Adair, Tony Lee. Paul Bradley and Mark Ferrey. 

“Identification and Characterization Methods for Reactive Minerals Responsible for Natural Attenuation of 
Chlorinated Organic Compounds in Ground Water.” EPA 600/R-09/115. December 2009.

4.  Richard A. Brown, James G. Mueller, Alan G. Seech, James K. Henderson and John T. Wilson. “Interactions 
Between Biological and Abiotic Pathways in the Reduction of Chlorinated Solvents” Remediation, pp 9-20, 
Winter 2009

FOR ADDITIONAL INFORMATION, CONTACT: Fayaz Lakhwala, Technology Applications Manager, 
PeroxyChem Environmental Solutions (fayaz.lakhwala@peroxychem.com)

Jeff Ogden, P.G., Senior Hydrogeologist, Fehr Graham – Engineering & Environmental  
(JOgden@fehr-graham.com)

FIGURE 2: CVOCs measured in groundwater in the highest concentration well MW-15.

FIGURE 3: CVOCs measured in groundwater downgradient from the VC hot-spot treatment area.


